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Introductory.-Man, like other animals, is born, grows,
comes to maturity, reproduces his like, and dies ; passing in
his lifetime through a cycle of changes that may be compared
to a secular variation, by a metaphor borrowed from the science
of astronomy ; while, in his daily life, he passes through a
smaller cycle of changes that may be called periodic.
From the time of the publication of Bichat’s essay " On
Life and Death," it has been admitted that man and other
animals possess a double life, animal and organic, presided over
respectively by two distinct, though correlated centres of
nervous force ; of these, one thinks, moves, and feels; the other
merely cooks,-receiving the food supplied, changing and ela-
borating it into elements suitable for the use of the animal
life.
In the lower forms of animals, the organic life becomes
almost coextensive with the whole being of the creature,
which simply digests, assimilates, and excretes; but barely
feels or moves. In the higher forms of animals, and more
especially in man, the animal life dominates over the organic
life, which becomes its slave, and it exhibits the remarkable
phenomena of mechanical force, of geometrical instinct, of ani-
mal cunning, and, finally, in man himself, produces intellectual
work, rising to its highest form in the religious feeling that re-
cognises its great Creator, and bows in humility before Him.
It is a simple matter of fact, and of every-day observation,
that all these forms of animal work are the result of the re-
ception and assimilation of a few cubic feet of oxygen, a few
ounces of water, of starch, of fat, and of flesh.
The general question of the relation of Food to Work would
involve a consideration of the possibility of throwing a bridge
across the gulf that separates the organic from the animal life,
so as to connect the products of nutrition (taken in its widest
sense) with the work of every kind accomplished by the animal
life, whether mechanical or intellectual.
We resemble the spiders of the heather on a summer morn-
ing, that float their gossamer threads into the air from the
summit of a branch, in the hope that some stray breath of
wind may fasten it to a neighbouring tuft, and enable the
hungry speculator to extend the range of his rambles and his
chance of food. Already a few feeble threads connect the
chemistry of our food with the mechanical work done by our
muscles; when these have been securely fastened, from the
higher vantage-ground acquired, our little bridge of knowledge
may possibly be extended to embrace the phenomena of the
geometrical instinct of the bee, or the cunning of the beaver;
and our successors may even dare to speculate on the changes
that converted a crust of bread, or a bottle of wine, in the
brain of Swift, Moliere, or Shakspeare, into the conception
of the gentle Glumdalclitch, the rascally Sganarelle, or the
immortal Falstaff.
At present such thoughts would be justly regarded as the
dreams of a lunatic, and I must crave your indulgence for
having mentioned them. The history of science is, however,
filled with such dreams; some never realised; others converted
by time into realities so commonplace that the genius of their
onginators is habitually forgotten or underrated.
During childhood and youth, the food that we eat is used
for the double purpose of building up the tissues of the bones,
the muscles, the brain, and other organs of the body; and of
supplying the force necessary for work done, whether me-
chanical or intellectual. In adult life, the first use of food
almost disappears, for the bones, the muscles, the brain, and
other organs, have already reached their full development, and
act simply as the media of communication between the food
received and the work developed by it.
Let us take, as illustrations, the muscles and brain, regarded
as the organs by means of which mechanical and intellectual
work is done. These organs resemble the piston, the beam,
and the fly-wheel of the steam-engine,*and, like them, only
transmit or store up the force communicated by the steam in
one case, and by the products of the food conveyed by the blood
in the other case. The mechanical work done by the steam-
engine must be measured by the loss of heat experienced by
the steam in passing from the boiler, through the cylinder, to
the condenser, and not by the loss of substance undergone by
the several parts of the machinery on which it acts. In like
manner the mechanical or intellectual work done by the food
we eat is to be measured, not by the change of substance of
the muscles or brain employed as the agents of that work, but
simply by the changes in the blood that supplies these organs-
that is to say, undergone by the food used, in its passage
through the various tissues of the body, before it is finally dis-
charged in the form of water, carbonic acid, or urea.
The Divine Architect has so framed the animal machine,
that moves and thinks, that the same blood which by its che-
mical changes produces movement and thought also repairs
the necessary waste of the muscles and brain, by means of
which movement and thought are possible; just as if the
steam that works an engine were able, without the aid of the
engineer, to repair the wear and tear of its friction and waste
spontaneously; but no greater mistake is possible in physio-
logy than to suppose that the products of the changes in the
blood, by which mechanical or intellectual work is done, are
themselves merely the result of the waste of the organs, whe-
ther muscles or brain, on the exercise of which that work
depends.* *
The ancients, who derived all their knowledge from observa-
tion, and not from experiment, were well aware of the double
duty imposed upon food in early life-of producing both the
secular and periodic variations of the body ; or, in other words,
of promoting growth, and of developing work. Their practical
knowledge is summed up by Hippocrates in the aphorism-
" Old men bear want of food best; next those that are adults ;
youths bear it least, more especially children ; and, of these,
the most lively are the least capable of enduring its
The food consumed ih twenty-four hours, including air and
water, undergoes a series of changes of a chemical character
before leaving the body, in the form of one or other of its ex-
cretions. Some of these changes develop force, and others
expend force, but the algebraic sum of all the gains and losses
of force represents the quantity available for work. This work
must be expended as follows :-1. The work of growth
(secular). 2. The work of maintaining heat (periodic). 3.
Mechanical work (periodic). 4. Vital work (periodic).
During childhood and youth the work of growth is positive,
for a certain proportion of the food used is employed in build-
ing up the tissues of the body instead of being expended in
actual work; it is, in fact, " stored up" in the body, as vis
viva is stored up in the fly-wheel of machinery, and constitutes
a reservoir of force that may be called upon at an emergency
requiring sudden expenditure of force, or in case of illness, or
in the gradual wasting of old age.
In adult life, and in old age, the work of growth ceases com-
pletely, except so far as is necessary to repair, from day to.
day, the small wastes of the organs employed in work ; so
that nearly the whole of the food employed is expended on
the periodic work of the body.
Hence we can readily see the reason for the aphorism which
asserts that food is more necessary for the young than for the
old, and more required by those of a lively disposition, either
of mind or body, than by others.
Hippocratic doctrine of innate heat.-Hippocrates was well
aware of the connexion between food and animal heat, although
he erroneously regarded the animal heat as an innate property
* The very skill with which provision is made for the repair of the waste
of the organ used as the instrument of wo. k may mislead the observer into
supposing that the work itself may be measured by the waste of its instru-
ment. Thus it has been shown by Mr. A. Macalister, that the heart, which
has imposed upon it the necessity of working day and night without ceasing,
during life, is furnished with double the usual supply of blood through the
coronary arteries, which are injected twice for every single beat of the heart.
If, indeed, it were possible to assume that all muscles wasted equally for
equal quantities of work, and also to measure separately the products of that
waste, we might then assume the waste of the organ as the measure of its
work. Neither of these assumptions, however, can be admitted; for it can
be shown that different muscles act under different conditions, more or less
advantageously, so that equal waste would represent unequal works; and,
I also, it iq impossible to separate in practice the products of waste of muscles.
from those of the general changes of the blood.
t Aph. L, 13.
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of the body that caused an appetite for food, instead of being
itself produced by food ; if we transpose his cause and effect,
mutatis mutandis, all his maxims as to animal heat are true.
Thus, he says :-
" Growing animals possess most innate heat, hence they re-
quire most food;...... but the old have least heat, and therefore
require the least fuel.* The cavities of the body are naturally
warmest in winter and spring;.....in these seasons, therefore,
most food must be given; and since there is more innate heat,
more nourishment is required ; as may be seen in youths and
athletes." "
These maxims, when translated into modern language, ex-
press the well-known fact that the chemical changes of food
that take place in the body produce animal heat, and that the
necessity for food to supply mechanical work is greatest with
the young and active, while the necessity for the production
of animal heat is greatest in the cold seasons of the year.
The direct connexion of food with mechanical work is ex-
pressed in the following maxims :-
"There should be no labour where there is hunger"t-and
its converse, "Let labour precede meals."+
On principles such as those just given, the training of the
athletes was conducted; and they were compelled to undergo
a regular course, commencing with bloodletting and active
purgation, and consisting of systematic muscular exercise
suited to the nature of the contest intended, accompanied by
a dietary, of which the chief ingredients consisted of biscuits
and pigs’ kidneys, washed down by a minimum of water. It
is, truly, not much to be wondered at that those who survived
the training were formidable in the boxing ring or race-course.
The relation of animal heat to respiration is referred to by
Hippocrates in a remarkable maxim :-" Those persons have
the loudest voices who have most [innate] heat, for they in-
spire the largest quantities of the cold air; and the product of
two great quantities must be itself great." 11
Galen believed the heart to be the centre of "innate heat;"
but he was well aware that increase or diminution of respira-
tion caused increase or diminution of heat, and was intimately
connected with it. Thus he says :-" Since, therefore, the
heart is, as it were, the hearth and fountain of the innate heat
with which the animal is pervaded," &c. IF "The necessity
for respiration is the greatest and most imperious guard of the
innate heat."** "Those persons in whom the innate heat
has been much cooled breathe but little and slowly. "tt
Lavoisier’8 theory of animal heO,t.-The doctrine of " innate"
heat, taught by Hippocrates and Galen, ruled in Medicine for
1500 years after Galen’s death; until it received its death blow
from the genius of Lavoisier, who demonstrated in his cele-
brated memoir, read before the French Academy of Sciences
in 1783, that the source of animal heat is to be found in the
combustion of the carbon of the body by the oxygen of the
air received into the lungs by respiration. Lavoisier’s expe-
riments were repeated and confirmed in 1822 by Dulong and
Despretz ; and have formed the starting-point for all modern
investigations on the relation of food to work.
As already stated, the work done by food in the body may
be divided into the work of growth, the work of animal heat,
mechanical work, and vital work.
Lavoisier arranged his experiments so as to exclude almost
all kind of work done, except that of animal heat. A guinea-pig
was placed under a bell glass inverted over a surface of mercury,
and a current of fresh air was allowed to circulate through the
apparatus, being passed at its final exit through tubes contain-
ing caustic potash, which arrested the carbonic acid produced
by the animal. In this manner it was easy to ascertain the
carbonic acid excreted, by the increase in weight of the tubes
of caustic potash during the experiment.
Lavoisier found that his guinea-pig, in ten hours, burned,
on the average, 3 333 grms. of carbon ; and this quantity of
carbon he estimated from other experiments as capable of
melting 326-75 grms. of ice at the freezing temperature.
The same guinea-pig was then placed in an ice calorimeter,
and left in it for ten hours, during which time the heat of its
body was found to have melted 402-27 grms. of ice at the
freezing temperature.
If we use, instead of the coefficient of combustion of carbon
employed by Lavoisier, that now generally adopted from the
experiments of Favre and Silbermann, the quantity of melted
ice represented by 3 grms. of carbon would become 364’78
grms., instead of 326 75 grms. ________ __
* Aph. i.. 14.
t Ibid. ii., 16.
:t Epid vi., sect. iv., 28. -
&sect; Ib., sect. v., 32.
II Epid. vi., sect. iv., 22.
1[ De usu partium, lib. vi., ch. 7. ,
** De diff. Resp" lib. i., ch. 4.
tt Ib., ch. 20. 1
I We are, therefore, entitled to say that the heat of com. bustion of expired carbon determined by Lavoisier is equal to
of the animal heat developed, which is regarded as 100.
Two years later, in 1785, Lavoisier laid before the Royal
Society of Medicine of Paris an account of further experi-
ments, also conducted on the breathing of guinea-pigs, by
which he showed, that of 100 parts of oxygen absorbed by
,those animals, 81 only reappeared in the form of carbonic acid,
and 19 parts disappeared altogether. Lavoisier considered
that these 19 parts of oxygen were employed in the body in
the combustion of hydrogen, the product of such combustion
being water.
If we use Lavoisier’s data just given, and the known atomic
weights of carbon, oxygen, and hydrogen, we shall have, for
81 parts of oxygen in the form of carbonic acid, and 19 parts
of oxygen in the form of water, the following quantities of
carbon and hydrogen consumed by the respiration of a guinea-
pig in the same times
I Multiplying these numbers by the heat coefficients of Favre- and Silbermann, we find-
It has been already shown that the heat developed by the
combustion of carbon in Lavoisier’s experiment amounted to
90 -68 per cent. of the heat emitted by the animal; hence the
heat produced by the combustion of the hydrogen will
amount to
=30*24 per cent. of the heat emitted by the animal. By
adding together the heats due to the carbon and hydrogen, we
find that Lavoisier’s experiments, when fairly interpreted by
the data of modern science, give the following results :-
Finally, in 1789, Lavoisier published further experiments,
by which he showed conclusively that the consumption of
oxygen by the body is notably increased by three causes: >
1st, by a lowering of the external temperature ; 2nd, by the
act of digestion ; 3rd, by muscular exercise.
The experiments of Lavoisier were repeated in 1822 by
Dulong and Despretz; and their results, when corrected, like
those of Lavoisier, by using the modern heat coefficients of &pound;
carbon and hydrogen, are as follows :-
The mean of Dulong’s experiments on sixteen animals and
birds is 90’6 per cent. of the animal heat given out; the lowest
number, 85 ’5, belonging to a kitten sixty days old; and the,
highest number, 99’4, belonging to a puppy fifty days old.
M. Despretz obtained an average of 92 from sixteen mam-
mals and birds ; his highest number being 101’8, derived from
an old female rabbit; and his lowest number being 84.2, de--
rived from four owls.
The foregoing experiments left no doubt remaining in the.
minds of men of science as to the substantial truth of Lavoi--
sier’s doctrine of animal heat; and led immediately to a num--
ber of supplementary experiments, amongst the most remark-
able of which were those of Regnault and Reiset.
Regnault directed his attention especially to the distribution
of the oxygen absorbed by animals, between the carbon ami
hydrogen of their blood, or tissues, which had been laid down:
by Lavoisier in the proportion of 81 to 19. He found that the
proportion was not a fixed one, but varied with the food in a
very instructive manner.
The average of his experiments on fourteen animals, in-
cluding worms, lizards, and insects, as well as birds and.
mammals, was-oxygen combined with carbon, 81- ; oxygen
combined with hydrogen, 19"3-a result identical with that
found by Lavoisier. The highest proportion of oxygen com-
bined with hydrogen occurred in the case of chickens fed on
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meat, and amounted to 32 per cent.; and the lowest proportion
occurred in the case of rabbits fed on bread and oats, and I
amounted to 1 per cent. only. 
Still more recent experiments, made with improved appa- I
ratus and methods by Pettenkofer and Voit, in Munich, show,
like those of Regnault, that the proportion of the oxygen em-
ployed in forming carbonic acid, to the whole oxygen absorbed,
varies with the food, ranging in the case of a large dog from I
.52’4 to 148’2, according as the animal was kept altogether
without food, or fed upon a mixed diet of meat and sugar.
These investigations have also shown that under ordinary con-
ditions, it is probable that a dog consumes nearly all the
oxygen absorbed in the formation of carbonic acid.
Before leaving the subject of animal heat, it is worth while
to estimate its amount in a manner that will bring it into com-
parison with ordinary mechanical work.In Lavoisier’s experiment with the guinea-pig, 402’27 grms.
of ice were melted in ten hours ; from this fact we find,
.assuming the latent heat of ice at 142&deg; F., and 772 as Joule’s
coefficient for converting British heat units into foot pounds-
Mechanical work equivalent to the daily animal heat of
Lavoisier’s guinea-pig =
As the average weight of a guinea-pig is 4 lbs., the preced-
ing amount of work, representing animal heat, would be suffi-




Ranke has shown, by experiments made upon himself, under
various conditions of food and fasting, by means of Petten-
kofer and Voit’s apparatus, that his daily excretion of carbonic
acid varied from 660 grms. to 860 grms. His weight was
67 kilos., from which fact, and the assumption that an English
mile is 1600 meters, we obtain, employing the contents already
given, the height through which the combustion of this quan-
tity of carbon would raise the weight of 67 kilos. in twenty-
four hours-
760 x 6 x 8-080 x 423 
, 
.
= 22 x 67 x 1600 = 6’609 miles.
The extreme values of the carbonic acid excreted-namely,
060 grms. and 860 grms.-would correspond to the heights of
5’74 miles and 7 48 miles respectively.
Pettenkofer and Voit succeeded in producing a range of
carbonic acid excreted by a large dog, weighing 33’3 kilos.,
from 289 4 grms. to 840’4 grms.; the minimum corresponding
to the tenth day of fasting from solid food, and the maximum
corresponding to a diet of 1800 grms. of meat, 350 grms. of fat,
and 1410 grms. of water.
It may be easily shown by a calculation similar to the fore-
going that these excretions of carbonic acid correspond to the
mechanical works of lifting the weight of the dog through
vertical heights of 5’03 miles, and 14’62 miles respectively.
Combining together the preceding results, and expressing
them all in the natural units of the weights of the animals
lifted through a height, we find :-
Work due to Animal Heat.
(To be continued.)
THE ETHER SPRAY USED TO ALLAY THE PAIN OF
UPROOTING HAIRS.-M. Gailleton, of Lyons, has tried the
spray in favus, sycosis, and also in impetigo seated in the
beard, when it seemed advantageous to pull out the hair.
When by means of the ether a given spot has become white
and insensible, the hair is quickly uprooted without any pain
being experienced by the patient, and the spray is directed to
another spot whilst this process is going on, so that the ope-
rations succeed each other continuously until all the hair is
removed.
ON THE NATURE AND TREATMENT OF
PULMONARY CONSUMPTION
AS EXEMPLIFIED IN PRIVATE PRACTICE.
BY CHARLES J. B. WILLIAMS, M.D., F.R.S.,
CONSULTING PHYSICIAN TO THE HOSPITAL FOR CONSUMPTION AT BROMPTON;
AND
CHARLES THEODORE WILLIAMS, M.B. OXON.,
ASSISTANT-PHYSICIAN TO THE SAME HOSPITAL.
(Concluded from page 109.)
SUMMARY.
BY DR. C. J. B. WILLIAMS.
ON taking a retrospect of an experience of forty years in
the treatment of pulmonary consumption, I can trace a remark-
able improvement in its success, as judged by the results.
During the first ten years of that period the beneficial effects
of the treatment were very limited, being chiefly confined to
incipient cases, and to those who were able at an early stage
and for long continuance to resort to more favourable climates,
such as can be obtained by voyages to Australia or India. My
general recollection of the histories of the developed disease
at that time is that of distressing tragedies, in which no means
used seemed to have any power to arrest the malady; the
tardative and palliative treatment employed was little satis-
factory ; and life was rarely prolonged beyond the duration of
two years, assigned by Laennec and Louis as the ordinary
limit of the life of the consumptive.
In the next period of ten years (from 1838 to 1848) a marked
improvement took place in the results of treatment, apparently
in connexion with the habitual use of mild alterative tonics, as
they might be termed, particularly iodide of potassium with
sarsaparilla or other vegetable tonic. These were first given
in conjunction with liquor potassse or an alkaline carbonate;
but the lowering effect of the alkali led to the substitution of
a mineral acid, generally the nitric; and a combination of this
description (iodide of potassium, two grains; dilute nitric acid,
fifteen drops; tincture of hops and compound fluid extract of
sarsaparilla, of each one drachm; with an ounce of water or
infusion of orange-peel) became the favourite prescription until
it was superseded by something which was much more effi-
cacious. Several of the earlier of the cases recorded were
treated in this way, and with improved results in respect of
the general health of the patients and diminution of the cough
and expectoration.
It was in the latter half of this period that chemists began
to produce cod-liver oil of sufficient purity and freshness to be
fit for the human stomach ; and I have no hesitation in stating
my conviction that this agent has done more for the consump-
tive than all other means put together. And so far is this
remedy from having "had its day and gone out of fashion,"
that in my experience its usefulness and efficacy have gone on
increasing in proportion to the greater facilities for obtaining
it in a pure state, and to the improvements in the manner of
administering it, in combination with various tonics, and in
connexion with certain rules of diet and regimen. Many of
the cases narrated in the preceding papers are striking proofs
of the efficacy of this remedy, not only in the general results
of cure or prolongation of life, but also in detached passages of
the abridged histories, in which improvement or deterioration
in the symptoms corresponded respectively with the regular
use of the oil, or its discontinuance.
The cases selected to exemplify the preceding papers have
been taken from the records of my experience during sixteen
years, up to 1857. They are a very small sample compared
with the whole number under my care during that period;
but they are selected, not as being more favourable, but simply
because they remained under observation for a year and up-
wards, and therefore gave the opportunity of more correctlyjudging of the results of treatment than those seen for a shortertime ; and although this very ground of selection implies that
the cases eventually became chronic, yet many were acute in
the first instance, and their surviving into the chronic state
may fairly be ascribed to the treatment. In stating that the
average duration of life in phthisis has during my experience
of forty years been at least quadrupled, or raised from two to
